Introduction {#sec0005}
============

John Charnley was responsible for the success in the evolution of cemented total hip arthroplasty (THA). During years of study, changes in prosthetic models have been made to decrease the incidence of failures such as loosening, wear, stem ruptures, and stress shielding. Single-plane simple-shaped femoral stems have been replaced by biconic or triconic forms, and porous stems by polished versions; these changes allow better distribution of axial load and better adaptation or accommodation within the cement mantle.[@bib0130]

The concept of conical and polished rods is based on the theory that smooth surfaces with double (two-way) or triple (three-way) tapering maintain a less rigid relationship between implant and cement, allowing secondary migration and stabilization, without creating excessive stress.[@bib0135]

Cemented femoral components present some advantages in relation to the cementless ones, such as better transmission of loads in the proximal femur (greater similarity between the cement and the bone elasticity coefficient),[@bib0140], [@bib0145] which allows its remodeling. Bone resorption secondary to stress shielding leads to a decrease in cementless prosthesis survival,[@bib0150], [@bib0155] particularly at the calcar level.[@bib0160] Although it occurs more commonly in cementless implants, bone resorption has also been demonstrated in cemented stems,[@bib0165], [@bib0170] with greater loss in Gruen et al. zones 1 and 7 of.[@bib0175] Another advantage is the low rate of femoral fractures during surgery (around 1% in cemented and 6.6% in non-cemented reconstructions).[@bib0180] Nonetheless, the rate of satisfactory results is directly proportional to the quality of the cementing technique, such as the maintenance of a mean cement mantle thickness between 2 and 4 mm, which avoids both brittleness and excessive stress.[@bib0185]

This study aimed to evaluate the quality of the cementation and implantation techniques of the C-Stem femoral stem (DePuy Orthopedics, Warsaw, Indiana). It is a conical, polished stem with a wedge shape, made of nitrogenated stainless steel, in which the distal migration within the cement mantle is predicted, with secondary stability.[@bib0190]

Material and methods {#sec0010}
====================

This was a retrospective study that assessed radiographs of 86 hips in 83 patients who underwent total hip arthroplasty with the C-Stem cemented femoral component. The sample was selected by six orthopedic surgeons specializing in hip surgery during their training stage. Consecutive patients who attended outpatient follow-up visits from January 2010 to March 2015 were included, provided they had a minimum one year follow-up.

The exclusion criteria comprised patients without records of preoperative and/or postoperative radiographs, imaging with inadequate technique, previous surgery on the same hip, and cases where manual cementation techniques were used. The radiographs were evaluated in two views: anteroposterior, centered in the pubic symphysis and with the hips at 15° internal rotation, and lateral, with disclosing of the entire femoral stem.

A total of 907 THAs were performed; in 437, the C-Stem cemented femoral component was used. Of the patients, 98 were excluded due to inadequate radiographic examination, 113 due to previous surgery in the assessed hip, 130 due to inadequate outpatient follow-up, and 10 due to manual cementation. Data such as gender, age, preoperative diagnosis, and follow-up period were collected by reviewing the medical charts. The radiographic analysis was performed with the Agfa HealthCare Viewer imaging system, where data related to the surgery and the preoperative, immediate postoperative (up to two postoperative days), and late postoperative (one year of follow-up) periods were collected ([Table 1](#tbl0005){ref-type="table"}).Table 1Surgical and radiographic data.Table 1Operated sideType of arthroplasty (cemented/hybrid)Stem sizeType of cement restrictor (bone/synthetic)Anatomy of the proximal femurThickness of the cement mantleFemoral osteotomy levelAlignment of the femoral componentCementation quality in the immediate postoperative periodRadiographic findings of cementation with at least one post-operative year

In the preoperative radiography, the proximal femoral anatomy was evaluated using the Dorr et al. classification.[@bib0195] In the immediate postoperative period, the quality of the cementation was assessed according to the method described by Barrack et al.[@bib0200] After one year of follow-up, the quality of the cementation was evaluated and quantified in each zone described by Gruen et al.[@bib0175] Concomitantly, the ratio between cortex, cement, and stem thickness in zones 2 and 6 on the frontal radiography were calculated, as well as the ratios in zones 9 and 13 on the lateral radiography. Aspects such as cement mantle thickness, presence of radiolucency (defined as the presence of a radiolucent line adjacent to the sclerotic line evaluated in the Gruen zones).[@bib0175] Bone resorption, cement fractures and bubbles, and stem fracture or migration were also recorded. Another relevant variable measured in the study was the alignment degree of the femoral component, in order to observe the presence of varus/valgus or antecurvatum/recurvatum positioning.

Surgical technique {#sec0015}
------------------

The posterolateral surgical approach (Kocher-Langenbeck) was used in all cases, with the patient placed in lateral decubitus position using anterior and posterior positioners. Medium-viscosity Smartset bone cement (Endurance MV, DePuy International, Blackpool, England) was introduced in a retrograde fashion with a pistol, pressurized and restricted by a synthetic or a bone plug in the canal. The femoral stems were inserted using a distal centralizer. Pulse lavage or vacuum mixing were not used.

Results {#sec0020}
=======

A total of 86 radiographs of primary THAs in 83 patients with C-Stem femoral component were reviewed; 31 hips (36.05%) were from male patients and 55 (63.95%), from female patients. The mean age was 62.85 (23--86) years.

Based on the classification by Dorr et al.,[@bib0195] 34 (39.53%) conformations of the proximal femur were of the normal type (type A); 52 (60.46%) of the conical type (type B); no conformations were classified as the cylindrical type (Type C). According to the classification by Barrack et al.,[@bib0200] five (5.81%) cases were classified as type A; 46 (56.49%), as type B; 27 (31.40%), as type C; and eight (9.30%), as type D.

The thickest cement mantle mean was observed in zones 4 and 11, 15.53 mm (0--74) and 15.64 mm (0--73), respectively, while the lowest mean was observed in zone 9, 3.51 mm (0--10; [Fig. 1](#fig0005){ref-type="fig"}). A higher radiolucency index was observed in zones 2 and 10 in 52 (60.47%) cases and 50 (58.14%) cases, respectively; the lowest index was observed in zone 14, in 16 cases (18.60%; [Fig. 2](#fig0010){ref-type="fig"}). Among the areas where stress shielding was observed, the incidence was higher in zones 1 and 14, with 23 hips (26.74%) and 12 hips (13.95%), respectively, and a lower incidence was found in zones 2 and 13, with only two hips (2.32%). Moreover, signs of decreased bone density were also found in zones 7 and 8. Bubbles were observed more frequently in zone 3 (38 cases; 44.19%) and in zone 14 (one case). No case of cement and/or stem fracture was observed ([Table 2](#tbl0010){ref-type="table"}).Fig. 1Mean thickness of the cement mantle in each Gruen zone (mm).Fig. 2Presence of radiolucency lines in each Gruen zone (%).Table 2Evaluation of cement quality in each Gruen zone.Table 2ZonesMean thickness (mm)Radioluscence (%)Bone resorption (%)Bubbles (%)19.1 (0--30)25.526.72224.7 (0--10)60.41.137.234.9 (1--13)50044.1415.5 (0--74)32.5033.754.8 (2--10)39.5012.765.4 (0--12)55.8015.176.3 (0--15)51.111.65.886.9 (0--23)23.212.710.493.5 (0--10)43036105.8 (1--10)58.10361115.6 (0--73)29032.5125.0 (2--10)45.3027.9136.6 (2--11)44.11.111.6147.5 (1--15)18.613.91.1

An improvement in the assessment of cement mantle quality was made by calculating its proportion in relation to the cortical and stem thicknesses in the central zones in the anteroposterior (zones 2 and 6) and lateral (zones 9 and 13) views. The mean cortical and cement thicknesses in zone 2 were 5.88 mm and 4.73 mm, respectively; in zone 6, these values were 6.23 mm and 5.34 mm, respectively. A mean stem thickness of 13.6 mm was observed in the frontal view. In the lateral radiographs, the mean cortical and cement thicknesses in zone 9 were 4.41 mm and 3.43 mm respectively, while in zone 13 these values were 5.31 mm and 6.70 mm respectively. In the same view, the mean stem thickness was 9.93 mm. Thus, when considering the sequential measurements between cortex--cement--stem--cement--cortex thickness, the proportion of 1.2:1:2.8:1.1:1.3 was recorded from lateral to medial in the anteroposterior view; the proportion of 1.2:1:2.8:1.9:1.5 was recorded from anterior to posterior in the lateral view ([Table 3](#tbl0015){ref-type="table"}).Table 3Proportion between cortex, cement, and stem thicknesses.Table 3FrontCortical zone 2 (mm)Cement zone 2 (mm)Stem (mm)Cement zone 6 (mm)Cortical zone 6 (mm)Mean4.735.345.886.2313.6Standard deviation1.921.791.691.791.93Proportion1.212.81.11.3ProfileCortical zone 9 (mm)Cement zone 9 (mm)Stem (mm)Cement zone 13 (mm)Cortical zone 13 (mm)Mean3.436.74.415.319.93Standard deviation1.661.871.391.82.87Proportion1.212.81.91.5

In the assessment of stem alignment in the coronal plane, varus positioning was observed in eight (9.3%) cases, with a mean value of 3.5° (2--8°); valgus positioning was observed in 25 (29%), with a mean of 2.5° (1--8°). In the sagittal plane, antecurvatum was observed in two (5%) cases, with a mean value of 3.5° (2--5), while recurvatum was observed in 55 (63.95%) cases, with a mean of 4.2° (1--10°). In all cases, some degree of distal displacement of the stem (subsidence) was observed; the mean displacement was 0.8 mm (0--5 mm).

Discussion {#sec0025}
==========

Five decades after it was first postulated in 1962, Charnley\'s original concept of a conical, polished and cemented shaft still represents the gold standard.[@bib0205] The problem of proximal bone loss observed from the 1960s to 1990s required changes in the stem shape.[@bib0210] Double-wedge femoral stem designs, such as the Exeter (Stryker Howmedica Orthopedics, Mahwah, New Jersey) and the CPT (Zimmer Ltd., Swindon, England) present craniocaudal and anteroposterior tapering. In triple wedge implants, a third taper is added in the lateral to medial direction, aiming to increase the load on the proximal femur, especially on the calcar, which decreases bone resorption.[@bib0215] Buckland et al.[@bib0220] made an interesting observation, in which after an initial reduction of bone mass in the calcar region, physically active patients presented an increase in bone density in this region during the first two years. Purbach et al.[@bib0205] showed a bone stock improvement in 78.2% of the patients in the medial region in a 13-year follow-up. In the present study, a decrease in proximal metaphyseal bone density in the femur was observed in zones 1 and 7 (26.74% and 11.63%, respectively). Therefore, there was greater preservation of the stock in the calcar region, a factor considered important because it is an area subjected to greater axial load ([Fig. 3](#fig0015){ref-type="fig"}A).Fig. 3Decreased bone density in zone 1 and preservation in zone 7/calcar (A). Presence of radiolucency in zones 2, 3, 4, and 5, and presence of bubbles in zones 4, 5, and 6 (B). Lateral view radiograph disclosing the recurvatum stem positioning (C).

Charnley and Kettlewell[@bib0225] had calculated the relative movement between the stem and the mantle when reporting the function of the implant in a closed system on acrylic cement in their monograph: "Despite the lack of adhesion between the polished surface of the prosthesis and the cement, the tapered shape of the prosthesis is very suitable for weight transmission, as it will become tighter under load (backtranslation)."[@bib0230] When comparing femoral triple wedge and double wedge components, no differences in clinical scores, complications, or subsidence were observed.[@bib0235] Sundberg et al.,[@bib0240] when assessing C-Stem stem movement patterns in 33 THAs with a two-year follow-up, observed a mean distal migration of 1.35 mm in all femoral components; most of this movement occurred in the first three months. Eugene et al.,[@bib0235] in a comparative analysis with a five-year follow-up between double wedge and triple wedge stems, observed a mean subsidence of 0.82 mm and 0.77 mm respectively. In the present study, the levels of distal migration of the C-Stem were lower than those observed by Sundberg et al.[@bib0240] and higher than the study by Eugene et al.,[@bib0235] with a mean distal migration of 0.8 mm. Therefore, no significant differences were observed regarding subsidence, *i.e.*, this parameter was within the mean displacement presented in the literature. Excessive subsidence is an indirect indicator of early implant loosening, because it may be related to the movement of the cement mantle relative to the bone.[@bib0245]

The classification of cement mantle quality in the immediate postoperative period proposed by Barrack et al.[@bib0200] in 1992 is important to assess the effect of the best femoral cementation methods on the risk of increase in loosening rates or earlier failure. In the present study, this classification was used to assess radiographs immediately after surgery. Five cases (5.81%) of type A, 46 (53.49%) of type B, 27 (31.4%) of type C, and eight (9.30%) of type D were observed.

Ek and Choong[@bib0235] radiographically classified 192 cement mantles on C-Stem femoral components and also observed a higher frequency of type B (46.3%), followed by type A in 45.7%, and C in 8%. In the same study, when comparing the quality of the cementation with the Exeter stem in 189 radiographs, those authors observed that type B was also the most prevalent in 56.6%, followed by type A in 36.5% and type C in 6.9%. When comparing the Berstock et al.[@bib0250] evaluation in 2014 with the present study, a higher prevalence of type A (60%) was observed; 38% presented type B, 2% presented type C, and 6.9% presented type D.

Sundberg et al.[@bib0240] also reported a higher frequency of type A (84.8%); type B was observed in 15.15% of their sample. An important factor to consider is that in these last two studies, the operative technique used third-generation cementation with pulse lavage, which was not performed in the present study. A higher frequency of radiolucency was observed in zones 2 (60.47%) and 10 (58.14%), followed by zones 6 (55.81%) and 7 (51.16%), while zones 1, 8, and 14 had the lowest prevalence, with 25.58%, 23.26%, and 18.60% respectively ([Fig. 3](#fig0015){ref-type="fig"}B).

Comparing triple and double wedge stems, Ek and Choong[@bib0235] observed divergent results; radiolucent lines were more frequently observed in zone 1 when using C-Stem components and in zones 1 and 7 when using Exeter components. Those authors emphasized the hypothesis that radiolucency may arise early due to stem subsidence and, therefore, do not necessarily indicate implant loosening. This theory may explain the presence of radiolucent lines greater than 1 mm observed in 32 of 33 (96.9%) hips evaluated by Sundberg et al.[@bib0240] in their study, Berstock et al.[@bib0250] also observed a high frequency of radiolucent lines in their analysis, which corresponded to 61% of the hips evaluated; radiolucency was also more prevalent in zones 1 (55%) and 7 (35%).

In lateral view images assessment, a higher frequency of recurvatum was observed (mean of 4.2°) in 55 hips, which corresponded to 63.95% of the cases, whereas antecurvatum was observed in two hips (5%), with mean of 3.5° ([Fig. 3](#fig0015){ref-type="fig"}C). In the analysis of anteroposterior radiographs, valgus positioning was more frequent (25 cases \[29%\], mean of 2.5°). Varus positioning was observed in eight hips (9.3%), with a mean of 3.5°. The present authors believe that these deviations can be explained by the process of progressive stem migration relative to the initial axis, as demonstrated by Sundberg et al.[@bib0240] These authors observed displacements that occurred more frequently in the mean period of three months postoperatively; in the anteroposterior radiographs, they also observed valgus misalignment in most cases, with a prevalence of 63.3%, while 15.1% of the hips presented varus positioning.

In their comparative evaluation between triple- and double-wedge stems, Ek and Choong[@bib0235] observed lower indices of stem deviation. In the C-Stem components, these authors observed greater misalignment in varus, with a frequency of 3.7%, compared with 2.5% of valgus positioning. In the Exeter stems, varus positioning was recorded in 5.9% of cases, *vs.* no cases of valgus. It should be noted that this lower frequency of misalignments is due to the fact that those authors only considered deviations angles greater than 5°.

The proportion of cortical, cement mantle, and stem thickness was calculated to indirectly assess the quality of cementation. In the present study, in the anteroposterior view, the lateromedial ratio between cortex--cement--stem--cement--cortex was 1.2:1:2.8:1.1:1.3. Thus, a similarity was observed between lateral and medial cementation. The same ratio was 1.2:1:2.8:1.9:1.5 in the lateral view, *i.e.*, there was a discrepancy between the anterior and posterior cementations. A probable hypothesis for this variation between the two views is the greater frequency of good alignment in varus/valgus and a greater prevalence of recurvatum of the femoral stem. No studies calculating the ratio between cortical, cement mantle, and stem thickness were retrieved in the literature.

Conclusion {#sec0030}
==========

The C-Stem triple wedge cemented femoral stem presented satisfactory results regarding cementation pattern and quality, implant placement, secondary accommodation pattern, and the presence of osteolysis and stress shielding, both in relation to literature data regarding double wedge models and to data on this same implant by other authors. It was proven to be a safe, predictable, and reliable cementation method.
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